The management of smallholder coffee plantations in Bengkulu Province has not yet conducted according to good agricultural practices. As a result, the productivity and quality of green beans produced are also low. The efforts to improve this condition need to be made in order to maintain the economic, social, and environmental sustainability of this agribusiness. The present study aimed at identifying the life cycle of the coffee agroindustry in supporting sustainable agriculture using the Life Cycle Assessment (LCA) method. The results of the study revealed that the energy input from the use of fertilizers, herbicides, manpower, and fossil fuel was 4349.08 MJ/ha. The energy output from the green beans and coffee husks was 9763.39 MJ/ha and 13524.21 MJ/ha, respectively, so the efficiency based on the input-output ratio was 5.35. The emission values to the global warming potential, acidification, and eutrophication were 109.43 kg eqCO 2 , 345.70 g SO 2 eq/ha/year, and 28.54 g PO 4 3-eq/ha/year, respectively. The coffee agribusiness in Kepahiang Regency is categorized as organic. The coffee agribusiness was economically feasible with a Net B/C of 2.87, but the land ownership which was 1.45 ha/household and the present agribusiness conditions indicate a low sustainability rate.
INTRODUCTION
The Bengkulu Province is the sixth largest coffee producer in Indonesia after South Sumatra Province, Lampung Province, Aceh Province, North Sumatra Province, and East Java Province. Bengkulu's coffee production reached 56434 tons, which were dominated by Robusta (97.35%) [Central Statistical Office, 2018] . The largest coffee producers are Kepahiang Regency and Rejang Lebong Regency. The coffee production of these two regencies amounted to 32074 tons of green beans or 56.31% of the Bengkulu Province's total production [Central Statistical Office, 2017] .
Smallholder coffee plantations apply the monoculture cultivation system with shade trees.
The management, which is not yet intensive, contributed to low plant productivity, reaching only 747.04 kg/ha [Central Statistical Office, 2018] . The application of cultivation technology could increase the coffee productivity, for example, fertilizing using compost and non-compost would result in productivity of 1848.35 and 1200.93 kg/ha [Kiyingi and Gwali, 2012] , irrigation and fertilizing result in 960 kg/ha [Babou et al., 2017] , and applying a planting distance would yield 1289.50 kg/ha [Anim- Kwapong et al., 2010] .
Other challenges faced by the industry are climate change issues and the environmental impact of an unsustainable production. According to Panhuysen and Pierrot [2014] , approximately 40% of the global coffee production has fulfilled Voluntary Sustainability Standards (VSS) such as 4C Association, Fairtrade International, Organic, Rainforest Alliance/SAN and UTZ Certified. According to Ibnu et al., [2018] farmers and farmer groups that are certified receive a higher income than the uncertified farmers and farmer groups. Another requirement that needs to be fulfilled is the traceability of the coffee product from the original source to the consumers' pantry. Certification is related to the market access and the premium price of the coffee product, although other factors such as flavor also have an effect. The present study was conducted primarily to create the profile of the coffee cultivation environment in Bengkulu Province as the basic criterion for the coffee agribusiness sustainability. The purpose of the present study was to identify the condition of the smallholder coffee agroindustry sustainability in Bengkulu Province using the Life Cycle Assessment method.
METHODOLOGY
The present study was conducted in Kepahiang Regency, Bengkulu Province from October to December 2018. This regency lies between 101°55'19"-103°01'29" E and 02°43"07"-03°46'48" S with an altitude of 250-1600 meter above sea level. Kepahiang Regency has a tropical climate with a precipitation rate of 3768 mm/year with up to 286 days of rain per year [Central Statistical Office, 2018] . The data were collected through in-depth interviews and questionnaires. The respondents of the present study included 110 people, consisting of farmers, the coffee mill industry, and regencylevel middlemen.
The Life Cycle Assessment (LCA) method
The LCA methodology consists of four components/phases based on ISO 14040:2006, namely: goal and scope definition, life cycle inventory analysis, life cycle impact assessment, and life cycle interpretation.
Goal and scope definition
This LCA study of smallholder coffee agroindustry was conducted to discover the flow of materials, energy, and environmental impact of the green bean production process. The processing phases that were analyzed consisted of nurturing and harvesting, pulping, drying, hulling, and sorting. The energy input consisted of manpower, fertilizer, herbicides, and transport and processing fuel (gasoline and diesel).
Inventory analysis
The data collection process was the main focus of the inventory analysis. In this phase, the input and output that were related to the system of coffee agroindustry were identified and measured in function units. All the function units were converted to energy units. In this phase of inventory analysis, in addition to calculating the energy input and output, the atmospheric emission analysis was also conducted. The equation used to calculate the fuel consumption and manpower energy was as follows [Ezema, 2015] The value of L in the present study was calculated as work days and the number of working hours 7 hours/day. The workday value of women was equivalent to 0.8 of men's. The output of the coffee agroindustry includes green beans, coffee husks, and emission from the use of fertilizers, herbicides, and fuel. The energy produced from the green beans and coffee husks was 13.24 MJ/kg and 18.34 MJ /kg, respectively [Wilson et al., 2009] . The GRK emission from the burning of fuel was as follows:
The GRK's emission factor used the Ministry of Environment standard, 69300; 33; 3.2 kg/TJ premium gasoline, 74100; 3; 0.6 kg/TJ non-mobile diesel source, and 74100; 3.9; 3.9 kg/TJ mobile diesel source [Ministry of Environment, 2012] . The value for each gas was then converted to its equivalent in CO 2 using the BioGrace standard [2018], 23 for CH 4 and 296 for N 2 O. The conversion of the emission standard of the use of fertilizers and pesticides are presented in Table 1 .
Assessment of Environmental Impact (Life Cycle Impact Assessment)
The significance of the potential environmental impact of the production system based on the inventory results of the life cycle was evaluated using the LCIA. The LCIA consisted of a number of elements, classification (global warming, eutrophication, and acidification), characterization (CO 2 -eq, PO 4 3-eq, SO 2 ), normalization, and weighting. Out of the four elements, normalization and weighting are considered optional, whereas the first two elements are obligatory elements in the LCIA.
Result interpretation (Life Cycle interpretation)
The results of the life cycle inventory analysis and assessment of life cycle impact were analyzed with consideration of various aspects such as completeness, sensitivity, and consistency. The main issues in this context could mean the key processes, materials, activities, and components or even the life cycle phase. This analysis enabled to draw a conclusions and give recommendations in relation to the environmental aspect of the product, the areas where improvements are possible or major information about the environment could be communicated to the consumer were made according to the propose of the LCA study. There are three key elements in interpreting the life cycle, as defined by ISO 14043. The first is the identification of key issues, the second is evaluation (including checking for completeness, sensitivity, and consistency), and the third is drawing conclusion, together with making recommendations.
The Economic and Social Sustainability Factor
The economic sustainability status was calculated based on the agribusiness feasibility with a profit and cost ratio approach (B/C). The social sustainability was determined by the coffee agribusiness profit ratio between the farmer household consumption per capita and job opportunity creation. The consumption per capita value was assumed to be equivalent to the poverty line in Kepahiang Regency, IDR 348,238/month [Central Statistical Office, 2018].
RESULTS AND DISCUSSION

The smallholder coffee Life Cycle
The production of green beans ranged between 120 and 2700 kg/ha with an average of 737.42 kg/ha. The difference in production was influenced by the plant characteristic, land, and plant management. The coffee processing (the drying process) was conducted naturally by sunlight. This method yields an equal amount of green beans and coffee husks, i.e. 50%, with a moisture content of approximately 21%. Similar results were reported by Chala et al. [2018] , while Cruz and Crnkovic [2015] reported a ratio of 45% : 50%.
The next step involves the green bean-sorting, which is conducted by the regency-level middlemen. In this process, the results are defects in the form of husks, spoiled or damaged green beans, contaminants, and dry beans. The dry beans composition is 1% and these are re-hulled into green beans. The sorting process is conducted manually using human labor. The sorting results are also sold as raw material for the ground coffee industry in Kepahiang Regency.
The product transport begins at the plantation to the farmer's house using a motorcycle with an average distance of 27 km and a capacity of 150 kg per trip. The average number of trips with a motorcycle was 14.75 times per season and fuel consumption was 15 km/liter gasoline. After the drying process, the coffee beans are transported to the huller to be hulled using a pickup truck with a capacity of 2000 kg. Finally, the green beans are transported to the regency-level middlemen over an average distance of 10 km.
The coffee agroindustry inventory analysis
The inventory database development began with the phase where all the resources and materials used in the entire cycle, consisting in cultivation, transport, and process, are inventoried. The total energy input of the coffee agroindustry was 4349.08 MJ/ha or 5.90 MJ/kg green beans ( The low energy input from fertilizers resulted from the low usage rate and dosage. The total number of respondents who applied fertilizers was 61 people (55.88%), while the number of those who applied herbicides was 91 people (82.35%). The types of fertilizers used were urea, SP-36, and NPK-Phonska. The amount of herbicides required was between 1 and 8 liters/ha with an application frequency of three times a year.
The biomass energy output of the coffee agroindustry was 23.29 GJ/ha, originating from the green beans and coffee husks. On the basis of the input-output of energy, the net energy was found to be 18.94 GJ/ha and the energy investment return was 5.35 times. According to Elhami et al. [2016] , if the ratio between the output and the input is greater than one, then the energy use is efficient. Energy efficiency strongly affects the emission level; the higher the efficiency, the lower the environmental impact potential will be. The flow of energy and materials in the coffee agroindustry is presented in Figure 1 .
Environmental impact assessment
On the basis of Table 2 , the global warming potential in the on-farm coffee agroindustry loop was 109.43 kg CO 2 eq/ha or 0.12 kg CO 2 eq/kg of green bean. This is lower than that of coffee plantations in Costa Rica and Nicaragua, at 0.26-0.67 kg CO 2 eq/kg for conventional farming and 0.12-0.52 kgCO2eq/kg for organic farming Another environmental impact is the acidification of water and soil; it occurs due to the emission of NH 3 , NO x , and SO 2 gases from the urea, SP-36 and NPK-Phonska fertilizers at 345.70 g SO 2 eq/ha/year, whereas the leaching and over-enrichment of waters (eutrophication) was 28.54 g PO 4 3-eq. The potential for acidification and eutrophication from smallholder coffee plantations in Kepahiang Regency was classified as high. According to Vera-Acevedo et al., [2016] the potential for acidification and eutrophication from chemical fertilizers in conventional farming in Cauca, Argentina was 2.14 E-03 kg SO 2 -eq and 9.10 E-03 kg PO 4 -eq/kg of green beans, while in organic farming using compost it was 1.07E-03 kg SO 2 -eq and 6.20E-02 kg PO 4 -eq/kg coffee.
The potential for environmental impact from the use of urea fertilizer is high due to the loss of nitrogen through the conversion of nitrate into gaseous form (de-nitrification) and the change from ammonium into ammonia gas (volatilization). According to Borbos-cordova et al. [2006] , the loss of N due to de-nitrification is 25% and due to volatilization -20%. The application of fertilizers by spreading onto the surface of the soil and the lack of any efforts to improve the physical and chemical characteristics of the soil by applying organic fertilizer would increase the potential for environmental contamination.
The management of coffee husks in the hulling industry is another source of emission in the processing phase, because piled up coffee husks are usually burned or thrown into rivers. The low utilization of coffee husk waste is also an issue for the coffee producing countries, as reported by Pauline et al. [2010] , who stated that the coffee husks from smallholder coffee plantations in Cameroon were accumulated at mill level and had contaminated groundwater, caused ecological imbalance, and fires.
Reducing the environmental impact
Inorganic fertilizers and herbicides are the main sources of emission in the smallholder Figure 1 . Life Cycle Inventory of the coffee agroindustry in Bengkulu,Indonesia coffee agroindustry. The application of inorganic fertilizer by spreading it on the surface of the soil without any cover causes a large amount of nutrient loss. Improvement of the effectiveness of nutrient absorption and the physical and chemical condition of the soil could be done by using organic fertilizer from coffee husks. According to Baon and Wibawa [2005] , an increase in the organic content of soil could maintain the productivity and production sustainability. A study by Falahuddin et al. [2016] revealed that the organic fertilizer from coffee husks contributed to maximum growth in coffee plants.
The coffee cultivation using the shade system requires a very small amount of nitrogen from fertilizers, it could even be considered negligible because the plant roots can absorb it directly from the air. Ecosystem balance is the key to the natural cycle in coffee plantations. Stable environmental conditions would create a haven for natural predators of pests and diseases such as birds, frogs, and reptiles. The problem in utilizing coffee husks as a fertilizer is the considerable distance between the coffee huller and the plantations . Most hullers are located close to settlements, so transporting coffee husks is a financial burden for farmers. In addition, emission from the burning of coffee in most hullers and the small particles (particulate matter) produced could be hazardous for the health of adjacent communities. Building hullers closer to coffee plantations needs to be considered for the sustainability of the agribusiness.
The coffee agroindustry economic and social sustainability
The coffee plantations are replanted using a replanting system, where the plants are rejuvenated every four years known as the "kapak kulai" system. This method is chosen because during the replanting process the plants can still produce. Agribusiness production and income are presented in Table 3 .
On the basis of Table 3 , the agribusiness income originated from the sales of green beans at an average price of IDR 19,969/kg. The cost structure of the agribusiness consisted of labor at 2.87 million/ha (70.90%), fertilizers and herbicides at 0.60 million/ha (14.46%), processing at 0.37 million/ha (9.10%), and transport at 0.21 million/ha (5.14%). The requirement of labor was 68.69 workdays/ha, especially those from the household and non-family members at 59.27 workdays (86.29%) and 9.42 workdays (13.71%), respectively. The wages for farmhands was IDR 75,000/day in the form of cash and lunch money. The benefit-cost ratio (B/C) of the coffee agribusiness was 2.87 at a reference interest rate of 5.75%. This means that the coffee agribusiness is feasible because it could be profitable in the future.
On the basis of the average land ownership which was 1.45 ha/household, the consumption which was IDR 348,238/capita/month, and the number of household members which was 4, the coffee agribusiness fulfilled 95.21% of the farmer household's basic needs. However, if the family member labor is not included in the calculations, the income from the agribusiness could fulfill 111% of the consumption needs. Increasing the farmers' welfare could be done by increasing the size of the plantations to 1.52 ha/household. Another scenario to improve farmer welfare is by increasing production by 50% to reach 1106.12 kg/ha, so that it could fulfill 103% of the farmer household needs. There are two scenarios that could be implemented to improve the farmer's welfare. The first is increasing production. The gap between coffee potential and coffee production is still wide, reaching approximately 60% [Wahyudi and Jati, 2012] . Moreover, the results of the study by Hareesh et al. [2017] ; Isaac and Gwali [2012] revealed higher productivity with organic fertilizers, 1101 kg/ha and 1848.35 kg/ha. The scenario that could be implemented is improving the quality of the plants by grafting using superior scions. Bengkulu Province has 11 superior coffee clones with a productivity of 1073.3-1871 kg/ha [Halupi, 2012] ; four of which have been launched as superior varieties: Sehasence, Sintaro 1, Sintaro 2, and Sintaro 4 [Oetami, 2017] .
The second solution is to improve the coffee quality. This is done through the selection of superior clones, soil conservation, plant maintenance, harvesting red coffee berries, and wet-processing to produce premium coffee. The issue faced by farmers in the production of premium coffee is the lack of market access. Therefore, an effort to receive certifications such as the fair trade or organic certifications needs to be made so that the green beans produced could be exported for a better price. According to Valkila [2009] , the production of fair trade-certified organic coffee could increase the farmers' income.
CONCLUSION
The coffee agroindustry in Kepahiang Regency is classified as an export-oriented production system. This influenced the life cycle of the coffee product, which commonly consists of cultivation, process, and transport. The cultivation loop used most of the energy input which originated from fertilizers and herbicides, followed by the transport and process loop in which the energy is obtained from the fossil fuels combustion. The potential for environmental impact due to the GRK emission was lower than that of other coffee-producing countries, while acidification and eutrophication were higher because of the inappropriate use of fertilizers and excessive use of herbicides. The coffee agribusiness was not yet able to fulfill the farmer household's basic needs, even though it fulfilled the criteria for economic feasibility. Improving the welfare of farmer households can be done by increasing the coffee production and enhancing the quality of certified coffee.
